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High fluxes of electrons with energies above 200 keV create self-interstitial 
clusters in thin Si foils [1] and are observed as {113}-defects with {113}-habit  
planes  and  elongated  along  <110>-directions  (Figs.  1  and  2).  Dopants 
influence the {113}-defect  formation kinetics and stability  which also depend 
strongly on irradiation temperature as illustrated in Figs. 3 and 4 [2]. 
In-situ irradiation in UHVEM was also used to study the impact of Ge and O 
doping on {113}-defect formation in Si (Figure 5) [3]. 2 MeV electron irradiations 
(~ 4x1020  e cm-2s-1) were performed at room temperature and at 300°C. High 
resistivity  floating zone grown (HRFZ-) Si was compared with magnetic field 
assisted Czochralski grown Si (MCz-Si)  containing 5.7x1017 O atoms/cm3 and 
with Cz-Si doped with 6.5x1020 cm-3 Ge (GCz-Si).
Both in MCz- and GCz-Si, a retardation of {113}-defect formation is observed 
compared to HRFZ-Si probably related to the presence of additional sinks for 
interstitials. An important influence of  specimen thickness is observed, whereby 
defect formation is retarded in thin and thick specimen areas (Figure 6). In thin 
areas, this is due to the dominance of the specimen surfaces acting as sinks for 
both interstitials and vacancies. Starting from a critical specimen thickness, the 
faster diffusion of vacancies to the specimen surface leads to an increasing 
interstitial concentration and  to nucleation of <113>-defects. In even  thicker 
areas, diffusion towards the bulk and recombination of vacancies and 
interstitials becomes more important as the distance to the surface becomes too 
large. This leads to a lower interstitial supersaturation and to a delay in <113>-
defect nucleation and growth. The observations are  discussed in the frame of 
the theory of quasi-chemical reactions.
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Figure  1  Left: {113}-defects 
created  during 400 keV irradiation 
(1020 e  cm-2s-1).  Right: Schematic 
of  {113}-defect  formation  in  a 
wedge shaped specimen [1].
Figure 2 Calculated ratio of generated interstitials over electron flux during 2 
MeV electron irradiation as a function of specimen thickness and surface sink 
strength  for  intrinsic  point  defects  for  different  irradiation  temperatures  [3].
  
Figure 3  Left: Evolution of B implanted and annealed sample during 1 MeV 
electron  irradiation (2x10 19 cm-2s-1).  Right: {113}-defect  distribution  for  two 
different boron concentration profiles after 15 min irradiation [2].
  
Figure 4  Left: P implanted and annealed sample irradiated (1 MeV, 2x10 19cm-
2s-1) at temperature below (left) and above (right) the stability temperature of the  
V-P pair. At 300K, defects are dominantly formed in areas with P concentration  
above 1019 cm -3. At 520 K, they are formed mainly for concentrations < 5x10 17 
cm-3. Right: Strained Si0.95Ge0.05 layer structure after 1 MeV irradiation for 60  
min with 2x1019 e cm-2s-1. No defects are observed inside the Si-Ge layer [2].
Figure  5  Dark  field  images  illustrating  defect  formation  during  2  MeV  e-
irradiation (3.2x1020 e cm-2s-1) of HRFZ.  Top figures: The hole in the thinned 
specimen is the black area at the bottom. Bottom figures: Higher magnification 
of the same defect area [3].
Figure 6 Dark field images showing defect formation during 2 MeV irradiation at 
573 K. The top figures show thin areas (<250 nm) of HRFZ (hole at the bottom),  
MCz (hole to the right) and GCz (hole at the bottom left) specimens. The bottom 
figures are for thick areas (~1300 nm) [3].
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